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DECLARATION UNDER 37 C.FJL §1,131 
I, Mary Chen, declare and say: 

1 . I am an inventor in the above-identified application. 

2. 1 conceived the invention claimed in the above-identified application no later than 
October 14, 2002, on which date the invention was first disclosed to a colleague, Marko 
Sokolich, This invention was first memorialized m a written document on October 14, 
2002. 

4. Proof for the above is evidenced by the Invention Disclosure document attitched hereto, 
signed and witnessed on November 1, 2002. 

6. The invention was forwarded to a patent attorney at Ladas and Parry, LLC on February 
1 1 , 2003, proof for which is evidenced by the cover letter, attached hereto, that 
accompanied the Invention Disclosure document when it was forwarded to Ladas and 
Parry, LLC. 

7. I met with the patent attorney from Ladas and Parry, LLC on February 28, 2003 to 
discuss the subject matter of the Invention Disclosure document. This is e\idenced by 
page 3 of the Timekeeper Record from Ladas and Parry, LLC, attached he)eto. 

8. I submit that I diligently worked with the patent attorney from Ladas and Parry, LLC 
from February 28, 2003 until the filing date of the provisional application on August 12, 
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2003. This is evident by pages 1-2 of the Timekeeper Record from Ladas aiid Parry, 
LLC, attached hereto. 

9. A copy of an email dated April 11, 2003 is enclosed herein to show that I, tlie inventor, 
received and provided comments to the first draft of the application prepared by the 
patent attorney from Ladas and Parry, LLC 

10. Copies of emails dated April 14, 2003 and April 21, 2003 arc enclosed herein to show 
that I, the inventor, provided additional comments to the first draft of the application 
prepared by the patent attorney from Ladas and Parry, LLC. 

11. A copy of a Transmission Report dated May 23, 2003 is enclosed herein evidencing that 
a seven (7) page fax with invention drawings were forwarded from the patejit attorney to 
me, the inventor, for review. 

12. A copy of a Commuxiication Result Report dated June 20, 2003 is enclosed hen^in 
evidencing that a thirty-one (3 1) page fax with 2°*^ draft of the application were forwarded 
from the patent attorney to me, the inventor, for review. 

13. A copy of the cover page dated July 3, 2003 is enclosed herein evidencing tliat a 3"* draft 
of the ^plication was forwarded from the patent attorney to me, the inventor, for review. 

14. A copy of an email dated July 8, 2003 is enclosed herein to show that I, the inventor, 
provided additional comments to the application prepared by the patent atto)Tie>' fi-om 
Ladas and Parry, LLC. 

15. A copy of a Transmission Report dated August 4, 2003 is enclosed herein e\ddencing that 
a twenty-seven (27) page fax with Final Draft of the provisional application were 
forwarded fi-om the patent attorney to me^ the inventor, for review. 

1 6. A copy of a Transmission Report dated August 6, 2003 is enclosed herein evidencing that 
a twenty-eight (28) page fax widi Updated Final Draft of the provisional application were 
forwarded from the patent attorney to me, the inventor, for review. 
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THIS INVENTION DISCLOSURE IS MADE PURSUANT TO LABORATORIES 
MY/OUR OBLIGATIONS TO HRl UlBORATORjeS, LLC 
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HMOMunVb ^ — T ^ CENTRAL FAX e EN TER 

InP Based NPN HBT Paesivated with mn Oeptoled Emitter Ledge 

^ OCT 2 6 2006 



2. INVENTORY} 



Name Payrofl No. or 

OrgantzaHcTn 


$ciurce Code/Loc/Bld^S or 
Address for Non HRL Inventor 


Olftenship Phone Managar 


MaiyChen J3t217 


30-31^70 MA/254MC23 254 f^LeiA 


U.a 310317-573e MarKo Sokoilcn 
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LOSS OF RIGHTS THROUGH RELEASE TO THE PUBLIC 



Ths tight to apply for and obtain a valid patent may be lost as the result of Cftrtain 
ectfvltleo, such as (i) disclosing the Invention outside of the company without an 
appropriate confidentiality agteament with the receiving party; (2) disclosing the 
Invention publicly t>y publication in a Joi/mai, presentation, magazine or otherwise; 
(S) using the Invention publicly; (4) using the Invention privately to build or test 
Items that are to be sold publicly; or (5) putting the Invention *'on sale" by svlling 
or offering for sale an itam or product that embodies or uses the Invention, or is 
made or tested by use of the Invention. Submitting a proposal with the Intent to 
use the Invention in the performance of a resulting contract puts the Invention "on 
9ele\ 



Please Inform the HRL General Counael immediately of any of these activities or 
any plana to undertake any of them. 
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oSrt^OrcSrOOT^^ OF HRL LABORATORIESUC SUCH *NFOR»dA7lOn ,V 

ooSM^ir^oQmSS^T^x^^Si^aSr ^^^^^ DOcuMSNt shall not oe ouptiCATED in vvmole or in part, this legeno i 



HAU NOT eS f>UBUSHEa 
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HRL PROPRIETARY AND SENSfTIVE 

(when completsd) 
INVENHON DISCLOSURE 

THIS INVENTION DISCLOSURE IS MADE PURSUANT TO 
MY / OUR OBLIGATIONS TO HRL LABORATORIES. LLC 




LABORATORIES 



3. PROOF OP CONCBPTiaN AU EVfDENCe OF CONCEPTION (PfRSTDMWtNG AND FiRST WRITTEN DESCRff^rfON) ANO E\/ID£NCE OP 



^ BY WHOM WAS FIRST DESCRIPTION WRITTEN 
^ OR DRAWING MADE? 
MfiryY.Qien 


DATS 


TIME SPENT 

one week 


ACCT. CHARGED 
BC22313701 


LOCATION OF FIRST 1 lESCRiPTlON/DRAWING 
LabSRNoteboobSC308 


m TO VWOM WAS INVENTION FIRST DISCLOSED? 

Morto Sotollch 


DATE 



A VUAS A DEVICE EMBODYING THE INVENTION 




BY WHOM 


DATE STARTED 


DATE COMPLETED 


TTME SPENT 


W CONSTRUCTED AND TESTED OR TWEPROCeSS 


OYes ®N0 












PRACTICED? 












^ ACCOUNT CHAReeO - TIME 

0 


ACCOUNT CHARGED - MATERIAL 


PR6$aNr LOCATIC N OP DEVICE 


^ PRBSBW tgCATIOH OP OOCUMeNTS tPAT£ SIGNED AND WTNESSgP), tWClUOwG PHOTOS, DRAWINGS. aNO OAi A t^an a onuwiNW KctiUGTlOs^ TO PRACTICE 



5. RELATION TO GOVERNMENT CONTRACT 



A DOES T>115 INVENTION RELATE TO WORK 

W PERFORMED UNDER AGOVERNMENTCOl^ACT? 


€>Yes ON» 


CONTRACT NUMBER AND TITLE 


gSk EXPLAWHOWTrtSWVENTIONReLATESTOA ii™jhk«.-.^i 

^SP GOVERNyENT cohfmACT: It couM be UBde.i 


niTASr If suitable 


A IS INVENHON BEING USED ON A GOVERNMENT 
w CONTRACT? 


OYes (S)No 


, CONTRACT NUMBER AND TITLE 



HRL PROPRIETARY AND SEN3JTIVE (wh»n compteled) 



THW DOCUMfiMT CONTAINS PROPRICTARy MPaRMATION. AND EXCBT WK VyWTTEN PERMISSION OP HRL UkB0RATOWK.LU; SUCH IMFORMATOW £ HAU. K»T BE PUaUSHEO. 
OR DISCLOSED TO OTHERS. OH USED FDR ANY PURPOSE. AND THE DOCUMENT SHALL HOt BE DUPLICATED TN WHOLE OR IN PART. THIS LEGEND f HALL Bt APPLIED TO AU 
DOCUMENTB OONTAIMNQ THIS INFORMATION. 



INS^^g^^KET NO. 




R EADANOUNPERSTOOPBY: ( / y g/ [/ j.t^Q^ _ - . 

T^ssNAK^fivrev sidMuK DATE ^ wm«ssNAM6(rwe ^watwc oate^ 



C ieS&, 2000^ 2001 HRL UbOMliwIs*, LLC 



Rk 3S171 
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6. RELATED DOCUMEMTS AND DISCLOSURES (BY YOU OR BY ANOTHER), PLEASE ATTACH COPY, 



A IS THERE A PUBUCATION OR PUBLIC 

W PRESENTATION RELATED TO THE INVENTION? 


OYes (§>N0 


DATE 


IDENTIFY 


ggk ARB THERE ANY RELATED iNvEhrTION 
W DISCLOSURES OR PATENT APPUCATIONS? 


O Yes (S> MA 


DATE 


IDENTIFY PD NO. ETC. 


A ARE THERE ANY PROPOSALS OR REPORTS OR 
V OTHER DOCUMENTS RELATING TO THIS 
INVENTION? 


OYes <3)Nq 


DATE 


lOeNTlFY 


C% HAS THE INVENTION BEEN USED INSIDE OR 
W OUTSIDE THE COMPANY. Oft DI$CU5$E0. 

DEMONSTRATED. OR OTI^SRWiSE DISCLOSED 
OUTSIDE THE COMPANY (SUCH AS TO A 
VENDOR OR CUSTOMER^ 


OYes ® No 


DATE 


TO/POR WHOM (COMPAI4Y/PERSON) 



7. SALE 



^ HAS PRODUCT EMSQDYIhiG INVENTION OR 
W MADE BY INVENTION BEEN PROPOSED. SOLD, 
OR OFFEPEO FOR SALE? 


OYes <s> No 


ORDER NO. 


ORDER DATE 


DELIVERY DATE 


DATE C PFERED OR PROPOSED 


g9^ tS PRODUCT EMBODYING INVENTION OR MADE 
W BY INVENTION IN A DELIVERABLE ITEM^ 


OYes <S>No 


DELIVERY DATE 
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a. SUMMARY OF THE INVENTION 



A. GIVE A BRIEF DESCRIPTION OF YOUR INVENTION. PARTICULARLY POINTING OUT WHAT IS BELIEVED TO BE NOVEL <THE "HEARr 
OFWHATISNEW). , , | • ^l" .1 ^ -rr : ,l - 

Thin and depleted emitter ledge passivation haa been widely used in GaAs based HBT technologies, it effuctiveiy reduces base suHace 
recomblnaiton current (e.g., W, Liu et al "Critical passivation ledge thickness in AlGaAs/QaAs heterojunctior. bipolar transistors", J. Vac. 
Scl. Technol. B 1 1(1), 1993, p.©-9). It has not been applied to InP based HBTa. Although InP based HBT tochnology Is more advanced 
because of superior electron transport property in that material system, fabrication of InP based HBTa has not been developed as GaAs 
baaed HBT has for manufacturing purpose. More efforts in InP based HBTs hsve been focused upon demQiistrallng high frequency 
performance of self-a/lgned HBTa than reachrng goals of higher yield and enhanced reliability. Therefore techniques of reaching those 
goafs remain new. 



B« EXPUJN THE PURPOSE AND ADVANTAGES OF YOUR INVENTION. (WHAT WILL THE INVENTION DO BETTf B THAN DONE PREVIOUSLY?) 

InP based HBTpaeslvated with m thfn depleted emitter ledge effectively reduces base surface recombination cutrenl near emitter-base 
Junction, Improves current gain and process control, therefore enhances device reirabllily. This Is parttcularty importani to scaled HSTs 
because e)dr1nate base surface recombination current often dominates the total base current. Surface-recombination mechanisms can 
mocfify base-region transport efficiency (0. P. Kennedy et al, Solld-Slate Electronics. 1961 , Vol. 3, pp. 215-2?.5). Thickness of ledge is 
critical In making the ledge woridng properiy for surface passivation. However ft can be designed pre>periy and controlled well In process. 
The quality of the ledge can be moflitored by effective area ratio and ledge CV meaaurements (P J. Zampardi el aJ, " tVIelhods for 
monitoring passivaUon ledges In a manufacturing envlronmenr, GaAs Mantech Conference, 2002. pp. 225-228). The length of the fully 
depleted ledge can be designed to reduce base contact recombination cunent. This new HBT will make HBTs" DC characterization more 
ideal without sacrffloing RF performance. This new HBT structure will also enhances InP baaed HBT manufacturablWy because both 
thickness and length of the ledge can be controlled by conventlonaf process and it has a good base contact process. This passivation 
layer atso protects base layer (InGaAs or GaAsSb) from being attacked in sequential process steps. Therefbie it can be applied to both 
InP based SHBT (single hstero-junctlon HBT) and DHBTs (double helero-Junction HBTs) Including lhP/QaAsSt3/TnP DHBTs. It provides 
more planer device structure and potential for new Interconnect design. TTierefore ihls device will enhance large scale circuit Integration. 
This hew HBT has multiple advantages and will have slgnificant lmpacte to all InP based HBTs, It Is easy to implement. 



8. SUMMARY OF ThE INVENTION (Contlnusd) 

C IDENTIFY THE COMPANY OR OWNER PROGRAM OR PRODUCT LINE TO WHICH THE INVENTION APPLIES, AND THE EXPECTED VALUE TO 
THE PROGRAM OR PRODUCT LINE. ALSO IDEhTTir^Y POTENTIAL COMMERCIAL APPUCATION OF THIS INVEf JTIOlvf. |F ANY. 

HRL has high spaed InP technology for advanced radar and space programs, flaytheon i^ a defense elOClrpnics coniractor. This invention 
can be applied to alrtxjme radar programs. It may And applications in on going govemmeni contract of HRL 11 it is suitable. This technology 
development Is ready to go now. Beside government defense communication martlet potential commercial appiicatfbiis Include 40Gb 
cornmeiclal products. Because this technique can have wide applications as stated above, and capable of enhancing manufacrurablllty 
and reducing cosl. It can have significant Impact to InP based HBT production. 



^ HRU PROPRIETARY AND SENSITIVE (when completed) 

kSf EXCEPT wnH WRITTEN PERMJSSION OF HRL LABORATORIES, Li^, SUCH INFORMATION SHAU- 

NOT eE PUBUSHED. OR OlfiCLOSED TO OTHERS. OR USED FOR ANY PURPOSE, ANO THE DOCUMENT SHALL NOT BB DUPLICATEO IW WHOLC OR IN PART. THIS 

LEGEND SHALL BE APPLIED TO ALL DOCUMENTS CONTAlNlNGi THIS INFORMATION. 
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a IDENTIFY THE PRIOR ART KNOlVN TO YOU WHICH IS IMPROVED UPON OR DISPUCED BY YOUR INVENTION, .^D STATE IN DETAIL IF 
KNOWN. THE DISADVANTAGES OF THE CLOSEST PRIOR ART. 
InGaAs/lnP E)ouWo-HeTerostructure BipoJarTransistore With Near-ldeaJ p Verau3 lo Characteristic" by R. N. Nottonburg et af (IEEE 
Electron Devlc© Utier VoL EDL-7. Na. 11 . 1986, pp.643-645) cJafmed therr HBTs with high emitter Injection efficiency ai very low tjonector 
current is due to at least a factor 100 smaller surface recombination current. It claimed the results were obtained wiihout attempt of 
junction ed^e passivation such a$ an emitter edge-thinning {l.o. emitter ledge). However their HBTa are of large emitter size: 16x40 to 
44^^00\up . Therefore it Is obvious thai external base surface recombinalton is not an Issue In those device;;. However the layer design 
and process may not be suitable for scaled InP based HBTs. 

"Emitter edge-thinning effect on InGaAs/lnP double-heteroatiucture-emitter bipolar transistor by Yu-Huei Wu et al (Jpn. J. Appl. Rhys. 
Vol. 34,1 995, pp. 5908-591 1) reported results with emitter edge-thlnning design. It has a hetero-emilter composed of InP and InGaAs. 
According to the layer and device design the thickness of ledge can not be easily controlled in process, l-edge thickness Is critical In 
making the ledge working property for surface passivation (W. Liu et ai, Tarasitlc conduction current in the passivation ledge of 
AlGaAe/GaAs heteroIuncHon bipo/ar transistors'. Solid State Beetrontes, Vol. 35. No.7, pp.891-a95. 1992), The now proposed InP based 
HBT provides emitter ledge design and process that enables easy control of ledge thickness with conventional piocdsses. 

Recently presented "Reliability impricatlon of InGaP H0T emitter ledge dimension" by Even Vu et al (GaAs Reliability Workshop 2002, 
pp. 1 67-168) showed effects ol various length of ledge, and gap between ledge and base contact to base currenl components. Some are 
rasulied from un-lntentional mis-alignment in photo -lithography. The e^^osed gap between ledge and base contact caused less than 
100% surface passivation. In this invention the new HBT will not have those types of gaps. The ledge covers all space between emitter 
mesa and base contacts. 

f^'^^JSS EXISTS, EXPUIN WHY YOUR INVEMHON IS NOT OBVIOUS IN LIGHT OF THE PRIOR ART CONSIDER SUCH FACTORS 
ftn}^^^^^^^ RESULTS, COMMERCIAL SUCCESS OF THE INVENTION, A LONG-FELT NEED THAT IS SATISFIED BY THIS 
liySSSfl'Z^^^'^^ OTHERS WHO HAVE TRIED TO MAKE THJS INVENTION OR SATISFY THE NEETi, COPYING OF YOUR 

^ OTHERS, UCENSINQ OF YOUR INVENTION AND SKEPTICISM BY THOSE EXPERT IN TH t: TECHNICAL FIELD OF THE 
INVENTION ABOUT THE FEASIBILITY OF THE INVENTION. 

Thin and depleted emitter ledge passivation technique has been widely used in QaAs based HBT technologies tor rediK:Irtg base surfece 
/ recomblnatton current near emitter-base junction. It has not been applied to inP base HBTs partially because it was beOeved thai in 

oomparison lo GaAs based HBTe the depleted emitter ledge passivation effect may manifest less influences on current gain due to lower 
\ recombination velocity of InQaAs. Actually this la not true for p+ InGaAs which Is the base layer of NPN HBTs. Feimi level pinned 

\ by hph surface density states of InQaAs near 0.15V beiow conduction band of InGaAs, InGaAs has band gap of 0.7V. For p+ InOaAs the 
1 conviction band's bending in band diagram shows a field for minority carriers (electrons) to recomblne near surface beside by diffusion 
through bulk base layer. Therefore InP based NPN HBTs are not immune from external base surface recombination especially for those 
^ cci^d HBTs . However InP based HBTs have been scaled for high frequency performance. The base surface^ recomblnetlon cun^nt near 
Aj. emitter-base junction may increase particularly In those seff-eligned HBTs, The need of fully depleted crnhier ledge for surface passh^lron 
f actually exists. Eventually this concept will be accepted. The self-aligned HBTs are for reducing base redl^tance. However If there Is loo 
small amount of overhang (which separates base contact and emitter mesa) the base surface and base contact recombination currant 

(may increase. On the other hand If there is too much undercut of emitter contact ©milter resistance may Increase. For better control of ' 
soif-fliigned InP based HBT process complicated processes including dummy emitter formation, SiON side wall, multiple coat and etch 
1 ^ "^^^ ^^^^^ aieclrode formation (H. Shigematsu et al, IEEE Electron Device Lettere, Vol, IB. 1^. 2, 

1995, pp. 55-57) which Is time consuming. The new non-self aligned HBT proposed in this invention avoided all these problems Without 
^ inoreaairjg base resistance. The separation of base contacls and emitter mesa is controlled by ledge length and lithography. Today's photo 

pnograpny can bring base contacts as doss to emitter edge as needed. It can minimize the base resistance. Emitter ledge should be 
\ easily detected by SEM (scanning electron microscope) anaJyals of device cross-section. 

^^nf^nt^^r.^^.r. . """" PROPRIETARY AND SENSITIVE (when completed) 

J^elSS^m^ ^™ WRITTEN PEHMISSION OF HRL U&ORATORIES. aC. «UCM INFORMATION SHALL 

NOT BE PUBUSHED. OR DISCLOSED TO OTHERS. OR USED FOR ANY PURPOSe. AND THfi DOCUMENT SHALL NOT BE DUPUCATEO IN WHOLE OR IN PART THIS 

LEGEND SHAtL BE APPUED TO ALL DOCUMENTS CONTAINING THIS INi=ORMATION. 
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9. DETAILED DESCRIPTION 

DESCRIBE YOUR INVErfnON IN DETAIL, BXPLAININQ THE STRUCTURE OF THE APPARATUS OR DEVICE, IMCLUDINQ MATERIALS 
USED. SIZES AND DIMENSIONS AND HOW COMPONENTS ARE CONNECTED AND EXPLAINING TOE METHOD OF PERFORMING THg 

iNvemrioN, including each of the steps needed to complete the method, multiple embodiments of the invention 

SHOULD BE IDENTIFIED; HOWEVER, IF MORE THAN ONE EMBODIMENT IS DISCLOSED. IDENTIFY WHICH IS THE PREFERRED 
EAUBODIMENT. USE ADDITIONAL SHEETS AS NECESSARY, 

A BE SURE THAT EACH SHEET fS DATED. AND SIGNED BY EACH INVENTOR AND TWO WITNESSES 

B. ATTACH COPIES OF DRAWINGS OR DETAILED REPORTS HELPFUL IN UNDERSTANDING HOW YOUR INVENTION WORKS, 

C; IF YOUR INVENTION HAS BEEN TESTED, BRIEFLY SUMMARIZE TWB TEST RESULTS WHICH CONFIRM THE FUNCTIONS AND 
ADVANTAGES LISTED IN fi 8 ABOVE. 



InP Based NPN HBT Passivated with Thin Depleted Emitter Ledge 
E Conta ct , Thin E Ledge (depleted InP) 

B Contact (Pt/Ti/Pt/Au) 



, P+ Base (InGaAs or GaAsSb) 
N Collector 
N+ Sub-Collector 




^ iJ» t^^l^^'Sliliiflg! 



S.I.Substrate 



Fig. 1 Non^self-aligned HBT 

passivated with fiiUy depleted emitter ledge 

between base contact and emitter mesa 



HRL PROPRIETARY AND SENSITIVE (when completed) 

Ji!^B^M^..^^!^}BI^^^^^^^ INFORMATION. AND EXCEPT WITH WfirfTtN PEHMISSION OF HRL LABORATORIES, LLC. SUCH INFORMATION SHALL 
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Photo-resist 




- P+ Base (InGaAs or GaAsSb) 
N Collector 

N+ Sub-Collector 



Fig.2 Photo-lithography for base contact. 
Ledge layer is removed to expose P+ base. 
Base contact will be deposited in the open area. 
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^+ Base (InGaAs or GaAsSb) 
N Collector 
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Fig.3 Alternative process: another level of lithography 
for wider base contact 
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£ Ledge 



Base Contact 
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<- N Collector 

*~ N+ Sub-Collector 



Fig.4 HBT with wider base contacts 
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Figure 1 8how$ a schematic of emltldr and base pail of InP based HBT with thin depleted emitter ledge. HBT fayer structure from top 
down can be (type A, InAIAa emitter): n+ InGaAs (emitter cap), n+ AlInAs. n-AHnAs (emilter). n-lnP (emitter ledje). |>i- InGaAa or p-»- 
GaAflSb base, n-lnQaAa collector (SHBT if base is p+lnQaA$), or rvlnP coUector if base is GaAsSb (DHBT). or quarernary (or chiped 
aup^er-Iattioe) graded B-C with n-lnP collector <DHBT with p+ InGaAs base), and n+ JnP or inGaAs siJb<o[lecl»)r. Emiiier part can also be 
{type B, fnP emitter): n+ InGaAe (emitter cap), n+ InP, n-lnP (emitter), AIGalnAs (ihfn, etch stop iayer). n-lnP (e miUi?r ledge). The rest of 
type B layer structure is the same as type A In both caaea emitter ledge la n-lnP. N-lnAIAs or N-inP emitter doping level Is basad upfln 
requirements from device and circuit applications Including collector current, emitter resistance and emltter-basi i capacliance. It could be 
In the range of mld^lT/cm to 1 E18/ cm . Emitter thickness should be thick enough so that the back-Injection of holes into emitter is 
negligible, it couki be around lOOOA. This inoludes the total thickness of emitter above ledge and ledge. The cnlical pan \a emitter ledge 
Ihtekness. Ii has to be fully depleted to Ae able In ganrff Rurfp^rp^ pA^^ |Y^] [[ f>pj^yp r OthenArtse parasitto conduoUon current In the 
passivation ledge vrill increase base contact recombination current (W. Liu et af, "Parasitic conduction current in the passivation ledge of 
AIGaAe/GaAs helere|unctlon bipolar transistors*. Solid Stale Electronics, Vol. 35. No. 7, pp.B91-e95. 1992). lli;houW reach a condition 
that surf^ deplfltipn region (at top of ledge) and p/n junction depletion region (at bottom of ledge) touches each other, I.e., no-undepleted\ 
part In ledge exists. The depletion from p/n juncUon depletion region thickness varies with Vbe in operation and 'decreases under forward A 
bias. Considering affects from possible doping level shift and/or growth rate shift (or mis-i:alibrBtion of growth rate) during growth, and 
dielectric layer psssivallon on top of ledg© (typical for HBT processing) ledge thickness should be designed less than surface depletion 
vyfdth. Therefore upper limit of the ledge thickness Is mainly set by ledge perfomnance. Lower limits of the ledge thickness Incfude beta, 
emitter/base breakdown voltage, emitter/base capacrtance and reliability sine© It is part of emitter layer. Emitter ledge is a thin layer (In the 
range of a few hundred angstroms) it needs to be weJI protected in the later processes. 

%*^i^y^}!L'^'^^]^^^^^^ (:xcPj[ 

. .„ . . dge will be^ 

I with emitter 




, _ . - „ ^ ^ ,^ --r r .HnP ledge; 

in type B layer atructurs: etch goes through n+lnGoAa, n+ InP. n-lnP (emitter) and thin AIGalnAs, stops on top of n-lnP ledge. Then photo 
^iabggiaphy will Pgrf orrned foj^base contac ts. For completely depleted emitter iedge base contacts can be brought as close to edge of" 
emitter mesa as 3000 a (W. Uu et al, "Pafasitlc conduction current in tt>e passivation ledge of AIQaAs/GaAa hete rojunction bipolar 
transtelofs-. Solid State Electronics. Vol. 35. No. 7, pp.e91-a95, 1992; and W. Uu et aJ Theoretical comparison cf base bulk recombination 
OJ/vent and surface recombination current of a mesa AIQaAs/GaAs heterojunction bipolar transistor", Solid-Slate Elecironics, Vol. 34, 
No.10, pp. 11 19-1123, 1991) as required by reducing l^aae contact recombination cun^ent ^en with emitter fedrje passivation to reduce 
base surface recombination current the recombination cun^nt at base contacts would stin limit device cunent gain. n-inP ledge layer 
asipoaed by lithography win be removed to e)«pose p+ base. Etch should stop on top of p+ base layer (By ICR or \vei chemical selective 
fitch). Fig. 2 shows Ibe profile after n-lnP etch with base contact level mask. Then base contacts will be formed (t^vaporation and lift off), 
B^e contact metaJ can be Ptm/Pi/Au since this type of base contacts bavs been used not only for GaAs based KBT.-?, bust also 
I? f '*?r?t* ^^^^ Yamahata et al, GaAs IC Symposium, 1994. pp.345-348) and InP/GaAsSb based HQTs (C.FL BolognesI et al, 
QaAs IC Symposium, 1990. pp. 63-66). The finished profile is shown in Rg.l: with depleted fnP emitter ledge sitting between base 
ooniaota and emftter mesa, hto base surface Is exposed which is good technique for external base surface passivation. An altemaHve 
.procass is for wider base contacts Jf it is needed (at least on one side of emitter mesa). After base layer for base f vontact te exposed photo- 
im^^f ^ removed. Another levejof lithography can open wider base contact as shown in Fig.©^Afier basft metal evaporation and 
«n off finished proine Is shown In Fig^^is could be useful for scaled devkse without Increasing extrinsic base-conector capacitance. 
TTiere should be no alignment problems f or photo-Wthography. HBTs with fully depleted emitter ledge wiif have recucoti base surface 
re<x)mblnation current, higher current gain, and lower base resistance because of good base contact process. Since external base 
aurfacB re fully passlvated and well protected from later processes this devtoe ahouW provWe better refiablliiy. 
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H J?. Irfl passivation ledg9S, It Is generally sufficient to compare effective area ratio of a long ledge 

S^tlfn 2^^^^ ^^^^^ '^'^^ '^"^^"^ '^9^ ^^^'^^^ « aood parameter tor ledge 

SlrJ^^r^Sif ^3' ^ 'S ejected for device* wUh a good ledge. Experlmanls of comparing basa current Ideality factor of 

?™tr.^^n ^hkI^^^^^ ^""^ ""^'^"^^ ^"^^^^^ ""^"^'^ P^'^^de mfomialion of effteiency of surface 

paaslvatfon (William Uu. Handbook of IIUV Heterojuncb'on Bipolar Translstore, §3-6 Surface current Ideallly factor, pp. 169-179) 
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Bethea^ . Thomas Jr. 



From: Mary Chen 

Sent: Friday, April 11, 2003 4:18 PM 

To: . Bdtheap Thomas Jr. 

Subject: He: 021101 Status 



(1) I saw 2 questions before claims part. T^e you refenriLng to lithcgraEplv of 
Fig. 3 (-second level of lithograply )? It is an alteaiative of Fig.2: if the 
fimshad device will have at least one wider baee electirode as shown in Fig. 4 
(vMch is wicSfir than the device in Fig.l) . 

(2) Base contract lithogr^iry is to define base metal area by photo-resist. 
Base contact etch is performed with the photo-resist naslc. Then it follows by 
base metal deposition (ev^xaration) . Metal falls every vA^sre on wfer surface: 
either in the photo-resist cp^Toiiigs or on top of ji^oto-resist* T2ie i:>art that in 
on top of photo-resist is r«oved by lif ted-off (gone with photo-resist) . Hie 
\n«ntecl part stays after this lift-off parocess, 

I'll talk to you later. Iteriks. H&ve a nice weekend, 

lytoy 

"Bethea, Thoftas Jr." wrote; 

> ^feiy, 

> Ha:e is a rough draft of the application. I*m going to have to a<i3 language 

> regarding the thicknesses each lay&c of the HBT (types A and B) . — :Ln the 

> exairples you ga;ve xoe, they didn' t include the thicknesses of the collector 

> and subcollector — I'm also going bo add claims directed to the particular 

> t^ypes, including materials and layer thicknesses. I will include of 

> this in a wore formal draft that I will fax to you in the next few days, 
> 

> «3W» 
> 

> I^sgaxds^ 
> 

> Uranas Bethea, Jr. 

> ladas & Barry 

> 5670 Wilshire Boulevard 

> Lob Angeles, GA 90036 

> Tel: (323) 934-2300 

> Fax: (323) 934-0202 
> 

> ***The information herein is ccnfidential and ney be privileged. Access to 

> this email by ariyme besides the intended recipient is not authorized. If 

Pagel 



PA5E20O2*RCyDATim^ 



USPTO' 10/26/2006 1:33:15 PM PAGE 21/032 Fax Server 

TO : USPTO COMPANY : _ 

10/20/2005 14:19 FAX. 323 934 0202 LADAS ft PARRY LLP 1020/031 



> you ax^ not the interated recipient, then disclosure, copying, or U3e o£ th^ 

> cjontaits of this erail is poxhUDited. If you are not the int^anded 

> recipient, pleaee notify me inmediately ty a collect call or by emil and 

> destroy the eiredLl you have received. *** 



> 
> 

> Name: app.DOC 



> app.DOC Type: WINWORD Pile (aKPlioation/rtiswMd) 

> Qiooding: loa3e64 

> DesGriptioD.; spp 
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From: Mary Chen 

Sent: Monday. April 14, 2003 8:53 AM 

To: Bethea, Thomas Jr. 

Subject: Re: 021101 Status 

I just realized that in your questions about "secmd level metal" .about 
deviced finished as sjxpwoa in Fig. 4: it c3bes tpke another level lithography 
{Pig. 3) for the base netal after area for base contact area is e>^f3ed by etch 
{Fig.2) . Oliis is unlUce dssn.oe fijiished as Fig.l: etch down to base le(yer and 
forming base contact itetal shares one level of lithography (Fig.2) . Talk to you 
later, lhanks, 

••Bethsa, IhcstBs Jr." wcote: 

> Ifery, 

> Here is a rou^ draft of the acplicat:icai. I'm going to have to aiM language 

> regarding the thicknesses each layer of the HBT (types A and B} . — in the 

> exafrples you gave ne, they didn't include the thicknesses of the f^ollector 

> and subcollector — • I'm also going to add claims directed to the particular 

> types, aiicluding neiterials and layer thicknesses, I vdll include all of 

> this in a more foaamal <fcaft that I will fax to you in the next f&v diiys. 
> 

> 

> Rsgaxds, 
> 

> Uiones Bethea, Jr. 

> Tj^^^s Sl Barry 

> 5670 Wilshire Boulevard 

> Lo^ Ji^ngeles, CA 90036 

> Ttel: (323) 934-2300 

> Fsx: (323) 934-0202 
> 

> ***The infoKTOtioa herein is cGnfidmtial and itey be privileged. Access to 

> this erail by arr/one besides the intoided recipient is not author:.zed. If 

> you are not the intended recipient, then disclosure, copying, or tise of the 

> oontentfi of this email is prohibited. If you are not the intsxtecl 

> recipient, please notify me ijnrediately by a collect call or by enail and 

> destroy the orail yoix have received.*** 
> 
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LADAS & PARRY LLP 



©023/031 



Salafses, Victor 




From: 

Sent: 

Tq: 

Subject: 



Mary Chen [mychen@hrl.com] 

Monday. April 21, 2003 11:41 AM 

la_mail@lada6pdrTyxom 

021 101 Dreft (for Thomas Bethea) 



APR 2 t 2003 

RECEIVED 
LA, OFFICE 



Thomas , 



1 read through most part of your first draft. I have not received 
your fax yet . 

(A) 1 sent you a few messages about your questions. 1 hope that we* 11 
have a chance to talk about that part goon because It relates to claims 
part, 

(B) Among other things : 

(1) "Intrinsic emitter" on figure 1 refers to emitter under emitter 
contact, not only includes emitter layers above depleted layer. 
Intrinsic emitter includes more than emitter mesa. It includes all 
layers on top Of p+ base. 

(2) The part of depleted emitter layer outside Of intrinsic emitter is 
emitter ledge- The part under emitter contact is still part of intrinsic: 
emitter. 

These 2 items will take a few changes (for most of the places they aro 
referred) . 

(3) About SHBT and DHBTs I re-write it as the following (2nd &, 3rd 
paragraph under "DETAILED DESCRIPTION OF THE PREFEHHED EMB0DXMENT*S on 

page 5 of your draft i 

Type A can be either 5HBTg or DHBTs. It comprises an InAlAs/InP emitter 
having an n-i- XnGaAs emitter cap and an n+ AlInASr n- AlXnAs emitter and 
n-InP emitter; a p+ XnGaAs or p+ GaAsSb base; an n- inOaAs or n-InP 
collector. Both SHBTb and DHBTs can have either p+ inGaAs or p+ GaAsSb 
base. SHBTs can have either a p+ InGaAa or p+ OaAsSb base, and an 
n-InGaAa collector. DHBTs can have either a p+ GaAsSb base and an n- ini 
collector; or a p+ InGaAs base, a quaternary (or chirped super-lattice) 
graded B-c with n-lnP collector. The layer above the s\ibstrate could be 
an n4- inP or InGaAa sub -collector . 

Type B comprises an inP emitter having an n-i- InGaAs emitter cap and an 
n+ InP, n-InP emitter with a thin AlGalnAa (etch Stop layer) inserted 
near the bottom of n-InP emitter (above InP emitter ledge) . The rest Of 
type B layer structure is the same as type A. 

(4) There a few other places (relatively minor) that I like to talk to 
you too. 

please let me informed of your approximate schedule about this 
invention disclosure. I'll call you soon. TOianks- 
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ATTORNEY-CLIENT PRIVILEGED COMMUNICATION 



Ladas & Parry 
Los Angeles Office 



Memoraadiim 



To: Maty Chen 

From: Thomas Bethea 

Date: July 3, 2003 

Subject: 3rd Draft of Patent Application for **InP Based NPN HBT Passivated 
with a Thin Depleted Emitter Ledge" 
HRLPD 021101 (L&P 620692) 



Dear Inventor: 



Presented is a 3rd draft of a patent application complete with a set of claims. Please review the 
specification and &e claims^ 

If you would like, I can travel to HRL to meet with you in person to discuss your invention and 
this draft application. Otherwise, you can contact me by phone at 323-934-2300, by :&ix at 323- 
934-0202, or by email at ^het^eargJadaaparry^com . Thank you for yoiu: time and consideration. 




LADAS & PARRY 



End.: 3rd Draft of Application for HRL PD 021 101 
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From: 
Sent: 

To: 

Sfiibject: 



Mary Chen 

Tuesday, July 8, 2003 9:50 AM 
Bethea, Thomas Jr. 
Pe: 021101 



I got yc^ FAX (from Dan's site) last ifaursda/. 

I looked at the figures yoa e-^nailed me: Figures2 actually siuMS Fig. 3, 
PigiiresB shows Fig.l. Ihere are a few thixigs (beside errors still left in 
figures, e.g. vA^t is the feature above 102 in Fi-1? Also Fig. 6 collector 
contact is still on top of caoUector which is vTTcng, it should be on top of 
eub-oollector) I need to discuss with you. There is a layer 140 in trost of the 
figures: cptioonal base p type spacer. Far best perfonrance has€! contacts sit on 
tcp of p*- base layer 130 instead of on los«er doped p base spacfar. The easiest 
way ney be not shewing layer 140 ''in inost figures (except ones g*K>wing layer 
structure Ixit not with detailed device profiles) . 

What does your schedule look like this week? Can you cane t^are so that I 
can talk to you? Please let iiib know vhat time is good for you. Thanks. 



mry Chen (310-317-5736) 
■Bethea, Iboros Jr. " wrote: 

> «figures» «figures2» «figures3» «8^g&» 



> Thoffnas Bethea, Jr. 

> ladas & Faxry 

> 5670 Wilshire Boulevard 

> Los Angeles, GA 90036 

> Ttel: (323) 934-2300 

> Fax: (323) 934-0202 
> 

> ***qhe inf anration herein is ccmfidential and may be privileged. Access to 

> this email by anyone besides the intended recipient is not authorized. If 

> you are not the intended recipient,, thai disclosure, copying, or use of the 

> contents of this email is prohibited- If you ar^ not the int^sided 

> recipient, please notify me iranediately by a collect r^^n or ly/ tarail and 

> destroy the ^nail you have received.*** 
> 
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> 



> > 
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LADAS & PARRY 

Los Angeles Office 

5670 Wxlshire Blvd. 21 si Hoor 

Los Aiigeles, Caiifomia 90036 



FAX COVER SHEET 

pax: (323) 934-0202 
Phone: (323) 934-2300 



Tqz HRL Laboratories 



Attention: Mel Kyle 



From; 



Ross A. Schmitt 



Fax #310-317-5121 



Date; 



August 4, 2003 



Pages: 27 

JlKliidllkSThispagii) 



Subject: Final Draft of Provisjonal Application 
For HM.PD 021101 



THIS MESSAGE 15 XNTENDED 0N5 .Y KOft THE USE OF THE INDIVIDUAL OR J^NTTTY TO WHICH 11 
IS ADDRESSHD AND MAY CONTAIN INFORMATION WHICH IS PRIVILEGED, CONFlDeNnAL OR 
OTHERWISE EXEMPT FROM DTSCLOSURJ3 UNDER APPUCAl3L£ LAW. If you arc nO{ the inicndcc5 
^icipieJit or the employee or agenr respon.sibJe for deljvfsring xh\s message to itie in^cntlcd rccij?ieov you arc 
hereby notified that any di$$etni nation or copying of xhh communiciilion ($ ftb'icily probibiled. Tf you have 
received this commuT^icaticm in trroi, pl&ase notify immediately t»y tax Or telephone and return the- original 
message to PS at the above address via mail. We will chccTfully refund, your reasonable <mt-pf pocket 
expen&as- ThayiVyou. 



MG5SA6£t 



Mel: 



Please direct the enclosed final draft of the this patent application for HRL PI> 021101 
and the associated cover memo to Mary Chen as SMn as possible, since she would like 
to file this application as soon as possible- Thanks 
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T JTJ^t^Sf '^^^^ O^^-Y FOR THE USB OF TiiE INDIVIDUAL OR ENTITY TO wJS^TT 
Sr^^?v^l*^lT''^^'^ INTORMATION WHICH iS PRIVILEGED. CONFJPENHAL OR 
(mmWlSB EXEMPT FROM DISCLOSURE UNDER APPLICABLE LAW. If yo« arc aot th. i„«aded 
rcdplett or the «nploycc «r ag^nt responslbte for delivering Ihi. me^^c to th* intended reclpieni. ycu arc 
• Jl. * dUi-eminatior. or copying of xbis comn.ui>.c;ition i* .stricdy prohib.W. If v„„ have 

received A« communication in error. pJ««e notify us iwncdiately by fax or «(ephone «nd i*wni tbc originaJ 
n,cs.age to US « ;h* above address v5. „.ail. We win cheecfuUy nrfuM your ro«onaWe o«.-of.pock« 



MESSAGE: 
Mel: 



Fleafie direct the enclosed final draft of the this patent appUcation for HRL PD 021 101 
and the associated cover memo to Mary Chen as soon as possible, since she would like 
to file this application as soon as possible. 
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TO : USPTO COMPANY : 
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CENTRAL FAX CENTER 

OCT 2 6 2006 

Schmitt, Ross 

From: Dan AHemeier ^ 

Sent: Tudsday, August 12, 2003 8:54 AM 

To; Ross Schmitt 

Cc: Kyle, Marianne; Virginia J Pavlow 

Subject: HRL Docket # 021101 

Poss hero are c cm ii a its to HRL #021101 

1. First I assume the edit maorks will be cxxrrected ^ 

2. E^ge 2s lixies 12 14, this is not a sentence se^s to mLssirig a verb. 

3. Page 3, line 8, change oonqprises to cxHprise both time it is \ised 
on line 8 as the subject:s are pliital so the verb should be plural. Scare 
connent page 9, line 13 and page 10, line 7. 

4. Page 3. lixie 30, c±iange use to used . 

5. Page 4, lixie 4, change FIG. 1 to FIG. 3 - 

6. P&ge 4; line 8, review the three h^?pheiated wocrd for spelling. 1 
think unintentJ-onal and misaligninent are not l^henated* Also, 
photolithogra(phy is not hyphenated; see, page 12, lixie 31. 

7. Page 7, lines 25 26, part of the deleted FTQs. 7 does not sp^&j: to 
be deleted. 

8. Page 8, line 19, change extrinsic region 152 to extrinsic region 154 . 

9. Page 9, line 19, change 265 to 260 . 

10. Page 9, line 24, aft^ 262, insert and . 

11 ► Page 10, line 8, dhack the punctuation after 154 . Looks like a 
period in the faxed ccpy I received. 

12. Page 10, line 9, insert 150, 250 after emitter ledge layer . ^- 
13* Page 10,. liae 17, insert 154, 254 after extrinsic region . 
14. Page 10, line 18, it afpears the deleted phrase in the regicn 
underneath the emitter should also include for deletion the retnaindear 
of the phrase, iiesa 160, 260 

15- Rage 10, last paragr^ii beginning at xrvLddle of page: vAiat about the 
-^etcih stop layer, 266? Ihere is no reference to this, even thou^ it is 
in FIG 4B. Sartte ccjot^t, page 11, lines 11 13. See page 12, line 4, 
where the etch step layer is referenced. 

16. Page 11, line 3, do we need to say well-protected ? Isn't saving 
protected enough? 

17. Page 11, lines 21 23, the sentence starting As discussed akove& 
does not mate sense to ire. Frcm what I could tell the extrinsic regicn 
154 is a part of the onitter ledge layer 150, so I am not sure hcM the 
OTXtter ledge layer 150 could be less than the deletion layer 
thickness in tiie fully extrinsic region 154 . 

18. Page 11, line 27, insert 130 after collector layer . 

19. Page 13, line 2, should lithogractoy be ptotolithograplv ? 



Page 1 

PA^E31/32'RCyDAT1«^ 



^^T AVAILABLE COPY 



USPTa 10/26/2006 1:33:15 PM PAGE 32/032 Fax Server 

: USPTO COMPANY : 

10/20/2005 14:25 FAX 323 934 0202 LADAS 5 PARRY LLP ©031/031 



^0. E^ge 15, line 15, is should also be to indefinite, inplyiog tJiat 

the invention ireiy not proved reliability. 

•21. Page 16, claim 1, there is no reference to a substxate in 
Inc^peaident claim 1 or any of its dependent claims. Should thex^ be? See 

claim 12. 

22- Page 16, claim , ahould there be a reference to an/ contact bet/jeen 
the various layers? 

23. Page 16, claim 1, line 10, is it neoessaiy to include the limitation 
etdhsd ? 

24. Page 17, claim 12, line 28 thesre ajjpears to be no order for the 
collector lacyer and a base layer , 
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